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were refractory to the inhibitory effects of SCH23390. Thus, the 
study found significant enrichment of genes in the hypothalamus 
previously linked to addiction, and, remarkably, this effect was 
inhibited upon gratification with perplexingly rapid kinetics of 
only 10 minutes, anteceding significant salt absorption from the 
gut. The study signals a molecular pathway for salt-seeking instinc-
tive behavior and, one hopes, opens a line of research critically 
important for human health.
Juan Oliver
Calcium regulates key components 
of vascular smooth muscle cell–
derived matrix vesicles to enhance 
mineralization
Kapustin et al., Circ Res 2011; 109: e1–e12; doi:10.1161/
CIRCRESAHA.110.238808
Specialized membrane-bound bodies called matrix vesicles 
(MVs), which originate from the plasma membrane of chondro-
cytes and osteoblasts, serve as nucleation sites for hydroxyapatite 
as one of the first steps in osteogenesis. Recent nuclear magnetic 
resonance studies have shown that the structural organization of 
the molecular components of vascular mineralizations (intima 
and media) is identical to that of the molecular components of 
bone. Studies in vitro have shown that elevated levels of extracel-
lular calcium can induce mineralization of vascular smooth mus-
cle cell (VSMC)−derived MVs. Over the years, Shanahan’s group 
has published several papers on the role of calcium in this process 
of intima/media calcification. Recently, they studied the mecha-
nisms promoting mineralization of VSMC-MVs in response to 
calcium stress. Transmission electron microscopy showed that 
both nonmineralized and mineralized MVs were abundantly 
deposited in the extracellular matrix at sites of calcification. Using 
cultured human VSMCs, they showed that MV mineralization 
is calcium dependent. MVs released by VSMCs in response to 
extracellular calcium lacked the key mineralization inhibitor 
matrix Gla protein. Proteomics revealed that VSMC-MVs share 
similarities with chondrocyte-derived MVs, including enrich-
ment of the calcium-binding proteins annexin A2 (AnxA2), 
AnxA5, and AnxA6; AnxA6 shuttled to the plasma membrane 
and was selectively enriched in MVs. AnxA6 was also abundant 
at sites of vascular calcification in vivo, and small interfering 
RNA depletion of AnxA6 reduced VSMC mineralization. Flow 
cytometry showed that in addition to AnxA6, calcium induced 
phosphatidylserine exposure on the MV surface, thus providing 
hydroxyapatite nucleation sites. In contrast to the coordinated 
signaling response observed in chondrocyte MVs, mineralization 
of VSMC-MVs is a pathological response to disturbed intracel-
lular calcium homeostasis that leads to inhibitor depletion and the 
formation of AnxA6–phosphatidylserine nucleation complexes.
Hypothalamic gene changes in 
response to salt appetite
Liedtke et al., Proc Natl Acad Sci USA 2011; 108: 12509–12514; doi:10.1073/
pnas.1109199108
Constancy of extracellular fluid volume requires sodium balance—
that is, salt intake must equal salt excretion. Although much is 
known about the latter, regulation of the former is very poorly 
understood. For example, it is unknown whether patients with 
edema due to nephrotic syndrome or cirrhosis have abnormal salt 
appetite. In mammals, sodium appetite can be triggered by deple-
tion of body salt content, adrenocorticotropic hormone (ACTH), 
and reproduction. For example, sodium-deficient mice develop 
an avid and specific sodium appetite that they rapidly gratify if 
presented with sodium solutions. Paralleling thirst for water, 
salt appetite (or the ‘hunger for salt,’ in Derek Denton’s felicitous 
phrase) is specific to sodium salts. The hypothalamus is a major 
locus of organization of behavior patterns of high survival value, 
which historically have been termed instincts. To explore cellu-
lar and molecular mechanisms regulating salt appetite, Liedtke et 
al. determined hypothalamic gene-regulatory effects of sodium 
deficiency versus control. They obtained hypothalami of sodium-
depleted mice, mice treated with ACTH, and mice that had been 
sodium depleted but allowed to drink 0.3 M NaCl. Genome-wide 
microarrays in sodium-deficient mice or after ACTH infusion 
showed upregulation of several hypothalamic genes previously 
linked to addiction (opiates and cocaine), including dopamine- 
and cAMP-regulated neuronal phosphoprotein 32 kDa, and 
dopamine receptors-1 and -2. Administration of inhibitors of the 
dopamine receptors (DR) D1 (SCH23390) and D2 (raclopride) 
reduced gratification of sodium appetite triggered by sodium defi-
ciency and did so in a dose-related manner (Figure). The dopa-
mine D1 antagonist was specific, having no effect on osmotically 
induced water drinking, whereas raclopride (D2 antagonist) also 
reduced water intake. However, Drd1−/− mice had completely nor-
mal depletion-induced sodium appetite, suggesting compensatory 
upregulation of alternative pathways; nonetheless, Drd1−/− mice 
Modulation of reward pathways in sodium appetite. (a) Dose-
dependent effects of specific inhibition of D1(5) and D2(3) receptors 
with specific compounds, SCH23390 and raclopride, on sodium appetite 
in sodium-depleted mice. Note the striking effect of both compounds 
at higher doses and attenuation at lower doses. (b) Cumulative intake 
of water in response to osmotic dehydration in mice, the attenuating 
effects of raclopride, mGlu5 antagonist, and MTEP, and the complete lack 
of effect of SCH23390 (higher dose).
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The clinical importance of this elegant study is that the main-
tenance of plasma calcium levels in the normal range and reduc-
tions in bouts of transient hypercalcemia are important for the 
prevention of vascular calcification, particularly in patients with 
chronic kidney disease.
Marc De Broe
Second messenger role for Mg2+  
in T-cell activation
Li et al., Nature 2011; 475: 471–476; doi:10.1038/nature10246
Mg2+ is the most abundant divalent cation in mammalian cells 
and is an essential cofactor for ATP, nucleic acids, and numerous 
enzymes, where it is needed for their action. However, unlike 
the case of Ca2+, in which the free concentrations inside cells 
([Ca2+]i ~ 0.1 mM) and in the extracellular fluid ([Ca
2+]e ~ 1 
mM) create steep gradients favorable to voltage- and ligand-
gated Ca2+ influx signals, it is unclear whether Mg2+ serves 
as a second messenger in intracellular signaling. Intracellular 
[Mg2+]i is ~ 20 mM, but it is mostly complexed with ATP and 
other molecules, and only 1 to 5% (0.2–1 mM) is cytosolic free 
Mg2+. However, this concentration is 100-fold below the elec-
trochemical equilibrium potential, which theoretically should 
allow regulated Mg2+ influxes. Interestingly, probes sensitive to 
Mg2+ had shown changes in [Mg2+]i in lymphocytes following 
lectin stimulation, but how extracellular Mg2+ might promote 
cellular activation signals is unknown. In a recent article, Li et al. 
detailed studies in three male patients who had idiopathic CD4 
lymphocytopenia (a rare immunodeficiency in which circulat-
ing CD4+ T-cell counts are <20% of total T cells in the absence 
of known causes of lymphopenia) and also showed defects in 
T-cell receptor (TCR) signaling. Exon capture and sequencing 
revealed deletions in MAGT (a gene encoding a magnesium 
transporter) that resulted in undetectable MAGT1 protein in 
the patients’ cells. MAGT1 is a Mg2+-selective transporter whose 
physiological function is not well understood. Notably, the total 
Mg2+ level in the patients’ T cells was normal, indicating that 
MAGT1 deficiency chiefly affects free Mg2+ and that metabolic 
processes requiring bound Mg2+ were not affected. TCR stimula-
tion induced robust transient Mg2+ influx in normal cells, but no 
Mg2+ influx was detectable in the patients’ T cells; secondarily 
to the loss of the Mg2+ influx, there also was a defective TCR-
induced Ca2+ influx (Figure). Knock-down and reconstitution 
experiments showed that MAGT1 deficiency was sufficient to 
explain the patients’ functional defects. Of great interest is that 
Mg2+-promoted Ca2+ influxes were also found in two epithelial 
cell lines in response to epidermal growth factor, which is known 
to cause Ca2+ influx analogous to that induced by TCR activa-
tion. The study shows that Mg2+ can function as an intracellular 
second messenger coupling cell-surface receptor activation to 
intracellular effectors and identifies MAGT1 as a possible target 
for novel therapeutics.
Juan Oliver
Association of race and age 
with survival among patients 
undergoing dialysis
Kucirka et al., JAMA 2011; 306: 620–626; doi:10.1001/jama.2011.1127
The epidemiology of kidney disease demonstrates racial differ-
ences on many levels. This cohort study analyzed United States 
Renal Data System data of people initiating dialysis from 1 Janu-
ary 1995 to 28 September 2009, comparing groups identified as 
African American/black versus Caucasian/white. During the 
study period, more than 1.3 million people initiated dialysis. On 
average, black patients were younger (58.1 versus 64.5 years). The 
youngest black patients (18–30 years) had similar rates of comor-
bidities to white patients, while black patients older than 30 years 
were less likely to have heart and other atherosclerotic diseases. 
After adjustment for these differences, black patients had a lower 
risk of death than white patients on dialysis. However, the rela-
tionship between race and outcome was quite dissimilar among 
strata based on age. Among 18- to 30-year-olds initiating dialy-
sis, 27.6% of black and 14.2% of white patients died, and 31.9% 
of black and 54.9% of white patients received transplants. The 
increased hazard for mortality remained higher among black 
patients, although diminished in magnitude, among people aged 
31 to 40 with censoring at transplantation and among people 
aged 31 to 40 and people aged 41 to 50 considering transplanta-
tion as a competing event. Among people in older strata, black 
patients had a lesser hazard of mortality. Exploratory analysis 
demonstrated differences in rates and types of insurance among 
people aged 18 to 30 and differences in causes of renal failure and 
likelihood of receiving erythropoietin.
Clearly, the relationship between race and survival among 
people initiating dialysis is not similar among all age groups. It 
is not known whether the previously hypothesized differences in 
nutritional and inflammatory factors potentially responsible for 
the improved survival among black patients as compared with 
white are either not as influential among younger age groups 
or are counterbalanced by other comorbidities or access-to-care 
issues. Increased attention to these disparities needs to focus on 
these multiple potential contributors to differences in outcomes.
Lynda Szczech 
Mg2+ and Ca2+ fluxes in T cells. Peak value of the fluxes of Mg2+ 
(MagFluo4, left) and Ca2+ (ratio Fluo3/Fura Red, right) in healthy control T 
cells and the three patients (A1, A2, and B1) on stimulation with indicated 
anti-CD3 concentrations. Cal, calcimycin reduced fluxes.
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